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© Sulphurated derivatives of aromatic-aliphatic and aliphatic ketones as polymerisation photolnitiators. 

© The invention relates to the use of a new class of 
sulphurated derivatives of aromatic-aliphatic or aliphatic 
ketones as a) polymerisation or crosslinking photolnitiators 
for transparent or pigmented mixtures containing ethylenic- 
ally unsaturated photopoiymensable compounds, in particu- 
lar for obtaining polyacryiates, b) photochemicatly releas- 
able latent acid catalysts, useful for crosslinking system 
polycondensabie by acid catalysis, of the type comprising 
etherified aminoplasts together with compounds containing 
hydroxyl, csrboxyl , amido, amino and other functionalities. 

Said sulphurated derivatives enable manufactured arti- 
cles to be obtained with exceptionally clear colour while 
maintaining photochemical reactivity at high levels. 
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SULPHURATED DERIVATIVES OF AROMATIC-ALIPHATIC AND ALIPHATIC KETONES 
AS POLYMERISATION PHOTOINITIATORS 

This invention relates to the use of a new class of photoinitiators 
for the photoinduced polymerisation or crosslinking of mixtures 
containing a) ethyleftically unsaturated compounds, in particular 
for obtaining poly aery lates, b) systems -poly condensable by acid 
catalysis 9 such as etherified aminoplasts together with compounds 

containing hydroxy 1, carboxyl, amido and other functionalities. 

1 . ■ i 

It is well known that one of the most serious problems in the photo- 
initiated crosslinking of many .systems used as transparent coating 
materials is the yellowing which occurs on exposing the films to 
the U.V. radiation of the crosslinking lamps [H.G. Heine and H.J. 
Traenker, Prog. Org. Coat., 3, 115-139 (1975); R. Kirchmayr, G. Berner, 
R. Husler, G. Rist., Farbe und Lack, 58, (11), 910-16 (1982)], and 
subsequently by natural ageing of the article under photooxidative 
conditions [J. Ohngemach, K.H. Neisius, J. Eichler and CP. Herz, 
Kontakte (Merck) (3), 15-20 (1980)]. 

The problem is particularly important in materials containing acrylic 
and methacrylic unsaturations as these are preferred for use in the 
paper industry, and in those plastic materials in which the degree 
of yellowing often has to be kept very small. 

In the case of pigmented dye systems, such as printing inks, another 

type of problem arises. In these cases the light is unable to 

totally penetrate into the film because of its absorption or reflection 
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due to the pigments present. However, the best conditions for 
deep light penetration are obtained in certain spectral regions 
known as "optical windows" in which absorption and reflection jointly 
present an opposed variation. This happens generally in spectral 
regions -situated towards the visible, and; in particular in the case 
of rutile titanium dioxide, which is one of the most used pigments, 
between 370. and 420 nnu In these systems , photoinitiators having 
absorption maxima around 370-400 nm have to be used in order to 
allow maximum interaction of the photoactive system with the light. 

Unfortunately many of these products are of yellow colour, such as 
benzil or the thioxanthones, and in addition their co-utilisation 
with tertiary amines as photoactivators leads to a more pronounced 
degree of yellowing of the articles obtained or to a variation in 
their colour tone [B.E. Hulme and J.J* Harron, Paint Resin, 54, 
(2), 31 (1984)5 M. Jacobi and fi. Henne, Radcure Conference (Lausanne, 
1983), FC 83-256}. 

* 

It is also well known that aminoplastic resins are used as cross- 
linking agents for alkyd, polyester* or acrylic systems in the^ 
coating industry* The crosslinking reaction is promoted by acids 
of various kinds, depending on the nature of the reactive groups: 
in particular, for esterified aminoplasts (such as hexamethoxymethyl- 
melamine) sulphonic acids are used such as p-toluenesulphonic acid. 

To prevent the catalysed systems having a too short shelf life or 
to avoid using two-component systems, the sulphonic acids are used 
in a blocked form (amino salts, oxime esters of hydroxamic acids, 

*■ 

vicinal diol monoesters); the catalyst is then activated by heating 
to high temperature (100-120°C). This however leads to a reduction 
in the system efficiency* 

These problems have been partly solved by the introduction of 
compounds which release sulphonic acid by radiation with UV light. 
Examples of these compounds are sulphonic ester derivatives of 
benzoin (DEOS 1919678 and DE0S 2842002), of N-hydroxyamides (US 
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Patent 4,371,605), of beta-hydroxyketones (EP 89922), and of alpha- 
hydroxyketones (EP 84515). However many of these compounds present 
various problems in practical application, the most serious of 
which is their hydrolytic stability in particular under alkaline 
5 conditions, in the presence of nucleophilic species which limit their 
range of application* 

We have now surprisingly discovered the subject of the present 
invention, namely that it is possible to obtain a) the photoinduced 

10 polymerisation or crosslinking of mixtures containing ethylenically 

unsaturated compounds, and in particular containing acrylic compounds, 
b) the polycondensation of systems which harden by acid catalysis, 
for example of the etherified aminoplast type in combination with 
compounds of hydroxyl, carboxyl, amido and other functionalities, 

15 c) mixed systems of type a) and b) together, to produce films with 

a very low degree of yellowing, even in the case of co-utilisation 

of tertiary amines, by the use of compounds of general formula (I) 

as photoinitiators: 

0 X 

II 1 ft 2 

20 R— C R S R* (I) 

111 
X 

in which R signifies: linear or branched C^-C^ alkyl, C 3 -C ? cyclo- 

alkyl possibly containing ethylenic unsaturations, C--C 1Q oxa-, 

thia-, S-oxothia-, S-dioxothia-, or R -aza-alkyl, C--C, oxa-, thia-, 

3 

25 S-oxothia-, S-dioxothia- or R -aza-cycloalkyl , Cg-C^aryl, polyaryl, 
poly(arylalkenyl) or polyacryloyloxyarylene, aromatic heterocyclic 
ring of 5, 6 or 7 atoms all possibly carrying one or more substituents 
chosen from the group consisting of CI, Br, CN, OH, SH, C,-C g alkyl, 
C 2 -C 1Q alkenyl, C^-C^ cycloalkyl, Cg-C^ aryl, -0-R 4 , -S-R 4 , 

30 -S(0)R 4 , -S(0) 2 -R\ -C00-R 4 -, S(0) 2 -N(R 5 )(R 6 ), -N(R 5 )(R 6 ), -CO-R^S 
and (X)(X 1 )-R 2 , or signifies -OR 4 or -N(R 5 )(R 6 ); 
R 1 signifies: direct bond, Cj-Cg alkylene, C 2 -C 1& alkylidene, 
C 3 -C 7 cycloalkylidene, polyvinylidene, C 3 -C ? oxa-, thia-, S-oxothia-, 
S-dioxothia- or R 3 -aza-cycloalkylidene, C 2 -C 1Q alkenylene, C 1 -C^ 

35 alkylene(arylene) in which the aryl can be phenyl, pyridyl, thiophenyl 
or furanyl, or together with R represents a methenyl or methenyl- 
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arylene group all possibly carrying one or more members chosen from 
the group consisting of C 1 -C 4 alkyl, C 3 -C fi cycloalkyl, aryl, halogen, 
-OH, -SH, -0-R 4 , -GO-R, -S(X)(X 1 >R 2 , N(R 5 )(R 6 ), -S-R 4 , -S(0)-R ,. 
-S(0) 2 -R 4 and -C00-R 4 , or R 1 signifies R -N-; 

R 2 signifies: direct bond with R or R , hydrogen, Cj-C 18 linear or 
branched alkyl, C,-C 7 cycloalkyl, Cj-C 7 oxa-, thia-, S-oxothia-, 
S-dioxothia- or R^-aza-cycloalkyl possibly carrying ethylenic 
unsaturations , Cg-C 14 aryl, polyaryl, poly(arylalkenyl), polyacryloyl- 
oxyarylene, heterocyclic ring with 5, 6 or 7 atoms containing one 
or more equal or different heteroatoms, or an amidino or amhydrazino 
group, possibly salified with organic or inorganic acids, all 
possibly carrying one or more substituents chosen from the group 
consisting of -CI, -Br, -CN, -OR, -SH, Cj-C g alkyl, C 2 ~ C 10 alkenyl, 
C 3 -C ? cycloalkyl, -0-R 4 , -S-R 4 , -S(0)-R 4 , -S(0) 2 >R 4 , -C00-R , 
-S(0) 2 -N(R 5 )(R 6 ), -N(R 5 )(R 6 ) and -SCXXxVr^COR, or R represents 
N(R 5 )(R ), -SO-H possibly salified with organic or inorganic bases, « 
-S0 3 R 4 , -(S) n -R 3 , -[8(»tf l )l n -* 3 » (S) n -N(R 5 )(R 6 ) where n varies 
from 1 to 10° -OH, -SH, OR 4 , -CI, -Br, -CN, -COO-R 4 , -C(S)-R , 
-C(S)-N(R 5 )(R 6 >, -S-(X)(X 1 )-R 1 -C0R, or -R^OR; 

X and X 1 , which can be equal or different, each independently 

4 4 

represent an electronic doublet, 0, S, NH, -NR , -N-COO-R 

■ 

or -N-S0 2 -R; 

R 3 represents H f (^-Cg alkyl or phenyl; 

R 4 represents C,-C 0 alkyl, (dialkylamino) , (alkoxy) or (hydroxy) alkyl, 

1 8 3 4 5 

c 3~ c 7 c y cloalk y 1 » c 6^ c i4 aryl or " si(R )(R )(R ); 

R 5 and R 6 f which can be equal or different, each independently 
represent hydrogen, Cj-C^ alkyl, C 3 -C ? cycloalkyl, phenyl or -0-R , 
or if coincident represent C 2 -C g alkylene, C 2 -C g oxa-, thia-, 

-S-oxothia-, -S-dioxothia- or R 3 -aza-alkylene; 

17 12 
R f R and R can mutually cyclise; R, R and R can also represent 

polymer chains. 

Preferred photoinitiators are those compounds of formula (I) in which 

R signifies: linear or branched Cj-C^g alkyl, C 3 -C y cycloalkyl, 

(v-C , aryl, possibly substituted with -CI, -OH, -SH f -C^-Cg alkyl, 

o 14 44 
C fi -C 14 aryl, OR or SR ; 
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& 1 signifies: direct bond, or Cy-Cg alkylene, C^C^ alkyl idene 
or C 3 -C 7 cycloalkyliderie, possibly substituted with *0R or 

-N(R 5 )(R 6 ); 

R 2 signifies: linear or branched C 1 -C lg alkyl, Cj-Cy cycloallcyl or 

C„-C , aryl, possibly substituted with -CI, -OH, -SH, C.-C ft alkyl, 

6 14 ' 5 6 A 4 4 1 i 

C.-C,, aryl, -H(r)(r), -0R H , -SR , or signifies -OR , -R l -C0-R, 

-SO^H or -OH, possibly salif ied with organic or inorganic bases; 
X and X each independently represent an electronic doublet or 
oxygen; 

R 4 represents G^-Cg alkyl, Cg-C^ aryl, dialkylaminoalkyl or alkoxy- 
alkyl ; 

R and R have the significance already stated. 

Particularly preferred as photoinitiators for transparent acrylic 

systems or as -photochemical ly releasable latent acid catalysts useful 

for transparent poly condensable systems are those compounds of formula 

i 7 8 

(I) in which R is,-C(R )(R )- as represented by general formula 

(II) : " 1 

P ? ? 9 

1 I » 2 . 

R C C S r- (II) 

R° X 

in which R signifies a linear or branched alkyl or Cg-C^ aryl, 
possibly substituted with -CI, Cj-Cg alkyl, -SR 4 ; 

R 2 signifies linear or branched Cj-C^ alkyl or Cg-C J4 aryl, possibly 

substituted with -CI, C^Cg alkyl, phenyl, -N(R 5 )(R 6 ); 

R 7 and R 8 , which can be equal or different, each independently 

represent a hydrogen atom, Cj-Cg alkyl or C 3 -C ? cycloalkyl, or 

together represent C 2 -C g alkyl ene or R 3 -aza-alkylene, all possibly 

carrying substituents of the type. -OR*, -N(R 5 )(R 6 ); 

X signifies an electronic doublet or an oxygen atom; 

R 4 signifies C^Cg alkyl, dialkylaminoalkyl, alkoxyalkyl or phenyl; 

R 3 , R 5 and R 6 have the significance already described. 

* 

Particularly preferred as photoinitiators for pigmented acrylic 
systems or as photochemical ly releasable latent acid catalysts 
useful for pigmented polycondensable systems are those compounds of 



0192967 

- 6 - 

formula (II) in which 

Mm 

R 8ienlfi.es C -C aryl substituted with -SR and possibly with 

* 6 14 

-CI or C -C fl alkyl; 

R 2 signifies linear or branched <\-<\ z alkyl, or C fi -C 14 aryl possi&ly 
substituted with -Gl, -N(R 5 )(R 6 ); 

R 3 , R 4 , R 5 , R*, R 7 and R 8 have the significance already described 
in the preceding case. 

Particularly preferred as photoinitiators for the polymerisation of 
monomer and acrylic and methacrylic oligomer systems when used in 
aqueous solution are those compounds represented by general formula 

CHI)* 

0 R 7 

r- " — -I x any 

R 

in which R signifies linear or branched Cj-C^ alkyl, cyclo- 
alkyl or Cg-C,. aryl, possibly substituted with -CI, -OH, -SH, ^-Cg 
alkyl , C 6 -C i4 aryl, -OR 4 or -SR 4 ; 

R 2 signifies -OH, -SH or -SO3H, possibly salif led with organic or 
Inorganic bases; 

R 7 and.R 8 , which can be equal or different, each independently 

represent a hydrogen atom,"Cj-C 8 alkyl, or C 3 -C 7 cycloalkyl, or 

together represent C 2 -C 6 alkylene, or R 3 -aza-alkylene, all possibly 

carrying substituenta of the -OR , -N(R )(R ) type; 

X and X 1 , which can be equal or different, each independently represen 

an electronic doublet, 0, S f -NR 4 , *N^C00R 4 or -U-SC^R; 

R 4 , R 5 and R 6 have the significance already described in the preceding 



Of the compounds defined heretofore, some are known while others are 
new. 

Examples of compounds suitable for the application according to the 

present invention are the following x 
2-phenylsulphonyl-2-methyl-propiophenone 
2-(4-chlorophenylsulphonyl )-2-methyl-propiophenone~ 
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g^(47fflsthyxpheQylsuiptionyl)«2--inethyl'-propiophenone 

2-CA-methoxyphenylsulphonyl)-2-methyl-propiophenone 

2-( Ar-dimetbylaTninophenylsulphonyl )-2-methy 1-propiophenone 

2-phenylsulphinyl-2-methyl-prqpiopbeiione 

2- ( 4- ; dime t hy 1 aminopheny 1 sulphiny 1 ) -2-me thy 1 -pr op io phenone 

bis (2-benzdylpropyl ) siil phone 

2-methylsulphonyl-2-raethyl-propiophenone 

2-tert «;butylsulphonyl-2-methyl-propiophenone 

2-(5-metkyl-l,3i4-thiadiazolyl-2-t^^ 

2-morpholinothio-2-methyl-propiophenone 

2-morpholinosulphinyl-2-methyl-propiophenone 

2-morpholinosulphonyl-2-methyl-propiophenDne 

sodium S-(2-oxo-2-phenyl-l,l-dimethylethyl)-thiosulphate . 
methyl S-( 2-oxo-2-phenyl-l , 1-dimethylethy 1 ) -thiosulphate 

(2-oxo-2-phenyl-l,l-7dimethylethyl)-sulphonic acid and its salts 
methyl (2-oxo-2-phenyl-l ,l-dimethylethyl)-sulphonate 

2-methylsulphonylacetophenone 

2-n-butoxycarbonylmethyl sulphony lacetophenone 

2-phenylsulphonylacetophenone 

2- ( 4-chlor opheny 1 ) sul phony 1 ace t ophenone 

2-( 4-methy lphenyl ) sulphony lace t ophenone 

bis-(benzoylmethyl)sul phone 

2-phenylsulphonylpropiophenone 

2-phenylsulphonyl-2-n-butyl-n-butyrophenone 

1- phenylsulphonyl-l-benzoylcyclohexane 
pbenylsulphonyl-bis-benzoylmethane 

2 (b is-pheny 1 sulphonyl ) -2-pheny 1 ace t ophenone 

2- (4-chlorophenylsulphonyl)propiophenone 
2-methylthio-2-hydroxyacetophenone 
2-methylsulphonyl-2-hydroxyacetophenone 
2-methylsulphonyl-2-methoxyacetophenone 
2-me thy 1 sulphony 1-2 , 2-dimetyoxyacet ophenone 
4-methylsulphonylmethylbenzophenone 
4-pheny 1 sul phony Ime thy lb enz o phenone 
1-phenyl sul phony 1-2-propanone 
l-t-butyl-2-phenylsulphonyl-l-ethanone 
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1- t-butyI-2 f 2-d±methyl-2-phenylsulphonyl-l-ethanone 

2- aet\iyl8ttlph6nyl-(4*-pl»enylacetophenone) 
2-metb,yl^ulpKbiiyI-C4 , -dimethyla J nlnoacBtophenone) 
2^ph e ayls«lp^y^2,2-di I aethyl-.(2« ,4' ,6«-t r i m e t hylac e tophenone) 

2,ph*nylsulphW-M-^^ 

2-phenylthio-2-methyl-l-(4-methylthio)phenyl-l-propanone 

2*p*enyls»lphinyl-2-m^ 
2-pbenylsulphonyl^2H B e^ 

^thyl8ulphoayl-2-« e thyl^-(4^thylthio)phenyl-l-propa^ ; 

2 - ( 4-di 0 etbylamInophenyl>^^^^ 
— 1-propanone 

2-n-butyl-2-phenyls«lphonyl-l-(4-oethylthio)phenyl-l-l>ul:anone 
2^rphalinomethyl-2-phenylsulphoayl-l-(4-methylthio)phenyl-l- 

• - * 

-propanotie 

. 2 -pheuyl8ulphouyl-2-Bethyl-l-(4rphenylthlo)phenyl-l-propanone . 

2-phenyl8ulphonyl-2-me^ 
-1-ipropanonc 

2 -phenyIs«lphouyI-2-^thyl-l-^^ 

2-pbenylsulphonyl-2-metbyl-lK4-mctbylsulpboayl)pb e nyl-l-propano M 

1-phenyl-l-phenylsulpbonylmethanone 
l-phenylsulphonyl-l-ethanone 

r-phenyl8ulpbonyl-2,2-dinethyl-l-propanone - 
l-phenylsulphonyl-l-(2,4,6-tttoethylpbenyl)-methanone 

and also those represented by the following structural formulae 

(where n varies from 2 to 2000): 
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The compounds of formula (I) and (II) according to the present 
invention can he prepared by known methods of organic chemistry. 
By way of non-limiting example a description is given hereinafter 
of those synthesis methods useful for preparing beta ketosulphoxides 
and beta ketosulphones ascribable to formula (II), and beta keto- 
tbiosulphates and beta ketosulphates ascribable to formula (III), 
and which are preferred according to the present invention. In 
formulas (III) to (XIII), X signifies a chlorine or bromine atom. 

A. Ereparation of beta ketosulphoxides 

--■ . - 

A.l. Preparation of beta ketosulphides and subsequent oxidation to 
sulphoxides. 

the beta ketosulphides can be obtained in various ways, of which the 
following are examples; 

a) reaction of alpha haloketones with mercaptans in the presence of 
hydrogen halide acid acceptor bases. 

" or 7 ' o f 7 

R - C - C - X + R 2 - SH -=^-> R-C— C-S-R 

is l» 

III ™ 

The reaction can be implemented under a variety of conditions in the 
homogeneous phase as reported for example by Houben Weyl, vol. VII/2C, 
page 2351 (1977) or in the presence of phase transfer agents as 
reported by M. Lissel, J. Chem. Res. Synop., (10),. 286 (1982). 

* 

b) sulphenylation of ketones and their derivatives. 

7 

0 Bt' 



V VI 
The reaction can be conducted directly between the ,sulphenic 
acid chloride and the ketone in the presence of .a hydrochloric acid 
acceptor base or by separating the hydrochloric acid evolved 
[Houben Weyl, Vol. VII/2C, page 2364 (1977)]. 
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Mather ESthos is to react the sulphenic acid chloride with the 
lithium salt of the enol ketone [D. Seebach et al., Chem. Ber., 109, 
1601 (1976)]. 



c) alkylation or arylation of alpha mercaptoketones. 

7 

OR' 

R C-C-SB + r-x ~ > IV 

is 

R 
VII 

The reaction is particularly convenient when efficient alkylating 
agents can be used such as dimethyl sulphate or alpha haloketones. 



The oxidation of beta ketosulphides (IV) to beta ketosulphoxides (VIII) 

0 ft 7 0 

IV ^A. > R-fi-c-S-R 2 

* 

VIII 

can be effected by the normal oxidising agents such as organic 
peracids, organic persalts* hydrogen peroxide 9 sodium perborate or 
halogens in the presence of alkalis in two-phase systems, under the 
most varied experimental conditions* 



A.2. Sulphinylation of ketones 

OR 7 0 

II I 9 i! NaH 
R - C - CH .+ R - S - OCH. —2=2- > VIII + CH-ONa 

»8 • 3 



Examples are reported by R.M. Coates et al. (Synthesis, 1975, 319) 
and S. Iriuchijima et al. (Synthesis, 1975, 401). 



A.3. Corey synthesis . and analogues 

7 



0 OR 
I 

R - C - OCH ...„„._ - . ,~ 3 



+ R 2 - S* - <P Me® > VIII + CH„0Me 



IX Me - Na, Li 
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The Corey synthesis [E. J. Corey et al., J. Amer. Chem. Soc, 87, 
1345 (1965)1 i8 very useful when methylsulphoxides are to be 
obtained -from methylesters IX and methylsulphinylcarbanion prepared 

from dimelhyI.sulphoxide: 

0 0 & 0 0 

ft - J - OCH3 + GH3 - S - df -^£-> R - C - CH 2 - S - CH3 

X 

These beta ketosulphoxides can be easily alkylated to obtain more 
greatly substituted compounds of formula (VIII) [P.G. Gassman et 
al., J. Org. Chem., 31, 2355 (1966)]. 

B. Preparation of beta ketosulphones 

M.-' Oxidation of beta ketosulphoxides or double oxidation of beta 
ketosulpbides. 

R 8 J 
XI 

The most used reagents are hydrogen peroxide- in acetic acid or 
peracetic acid, or sodium borate [A. McXillop et al., Te. Le. 24, 
(14) 1505 (1983)]. 

* 

B.2. Sulphonylation of alpha haloketones. 

Ill + R 2 - SO.Na > XI + NaX 

z 

The reaction is conducted between the haloketone and the sulphinic 
acid sodium salt generally in a dipolar aprotic solvent. The 
method is simple and generally applicable [B.tt. Trost, Chem. Rev. , 
78, (4) page 369 (1978)]. 

B.3^ Sulphonylation of enol ketones. 
0-Si(CH 3 ) 3 

_7 

2 „, Cu Cl VT 

C^ + R Z -S0C1 --__—> XI 

^sr° 1 3'3 

XII * 

The reaction is conducted in ace tonit rile and is generally applicable 
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[f. Kuroki et al., Qrganometal. Chem. Synth., 1, 465 (1972)]. 

B.4. Condensation of alkylsulphones with esters by the action of 

alkaline agents. 

0 0 R 7 
11 2 U I 
R - C - GCH, + R - S . - CH > XI 

0 R 
XIII 

. - 

The reaction can be conducted in the presence of n-butyl lithium 
operating at -30 P C in THF tTruce et al.,J. Org. Chem., 35, page 
1838 (1970)] or by using ethylmagnesium bromide in aromatic solvents 
under reflux [L. Field et al., J. Amer. Chem. Soc, 78, 4389 (1956)]. 

If the beta ketosulphones (XI) have hydrogens adjacent to the 
sulphonyl group, they can be alkylated by alkylating agents in the 
presence of sodium methylate IE.P. Kohler et al., J. Amer. Chem. Soc, 
58, 2166 (1936)] or sodium hydride (D. Scholz, Liebigs Ann. Chem., 
1983, 98) to obtain compounds "of formula (XI) with greater substi- 
tution. 

C. Preparation of beta ketoth iosulphates 

Nucleophilic substitution of alpha haloketones by the thiosulphate 
ion to obtain "Bunte salts" (XIV): 

p R 7 jO 

III * Na,S,0, > R-C-C-S-S - ONa + HaX 

2 2 3 1*8 

XIV 

The reaction is conducted between the haloketone and sodium thio- 
sulphate in a hydroalcoholic solvent or in a dipolar aprotic solvent 
depending on the solubility and reactivity of the haloketone. [H. 
Bunte, Ber., 7, 645 (1874), F. Asinger et al., Annalen, 637, 146 
(I960)]. 

The following non-limiting examples, given to illustrate the inven- 
tion, describe the preparation of compounds of formula (I) and (II). 
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The parts and percentages are expressed by weight, the infrared 
spectra were obtained by a Perkin Elmer 599 spectrophotometer, the 
r values were measured by thin layer chromatography (silica gel 

^^f 

0.25 mm, vith fluorescence indicator), 
p^po^^rm of beta ketosulphides 



- Pr-nfl-raj-inn of 2-phenvlthio-: 



.9-fngr hylpTopiophenone 
"10.88 g of a 50Z suspension of sodium hydride in paraffin mineral 
oil are fed into 100 ml of DMF, followed slowly by 25.11 g of 
thiophenol. When dissolution is complete (63«C) , the solution is 
cooled to rc and 36.5 g of 2-chloro-2^ethyl P ropiophenone are fed 
in over 30 minutes maintaining the temperature below 10*C. 

The mixture is agitated for 4 hours at 20-C and for 1 hour at 40*C. 
It is diluted with 200 ml of water, extracted with 200 ml of ethyl 
ether, washed with 20 ml of a 10X HaOH solution, and then with 
water to P E 7. It is dried over ^SO, and the solvent Evaporated 
to obtain 51 g of a crude crystalline solid product of M.P. 18-20_C, 
R f (toluene) 0.53,. and the following IR spectrum (absorptions, cm ) 
1670, 1457, 1260, 974, 700, 689. 

The beta ketosulphides reported in Table 1 were obtained in an 
analogous manner from the corresponding haloketones using the 
suitable mercaptan. 

p^n-rg-Hnn of beta ir»*«Bulphoxide3 



.le 2a - 



i—**™ ft f 2-phenvlsul^<"yl-2-« 



.tnefh ylpropiophenone 
67g of 2lphelylthio-2-methylpropiophenone (la) are added at 0«C 
to a solution prepared from 500 ml of glacial acetic acid, 47 g of 
acetic anhydride and 45.5 g of 33Z hydrogen peroxide. After 48 
hours of agitation at ambient temperature, it is taken up in ethyl 
ether, washed with water and neutralised with sodium bicarbonate. 

■ 

After evaporating the solvent, the residue is taken up in petroleum 
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ether and crystallised to obtain 38.2 g of crystalline solid product 
of K.P. *5*70 # C, R f (toluene) 0,22, and the following IR spectrum 
(absorptions, cm* 1 ): 1656, 1443, 1258, 1050, 745, 689. 

5 the beta ketosulphoxides of Table 2 were obtained in an analogous 
manner from the corresponding beta ketosulphides of Table 1. The 
characteristics are indicated in Table 2. 

Preparation of beta ketosulphones 

10 

Example 3a - Preparation of 2-phenylsulphonyl-2-methylpropiophenone 
19 g of 2-phenylthio-2-methylpropiophenone (la) in 100 ml of glacial 
acetic acid are treated with 21.6 g of 33% hydrogen peroxide, and 
then heated to 80° C. 

15 

* 

After 3 hours of agitation at 80°C the reaction mixture is treated 

as in Example 2, and the residue crystallised from methanol to obtain 

16.6 g of a solid crystalline product of M.P. 70°C, R (toluene) 0.31, 

-1 

and the following IR spectrum (absorptions, cm ): 1680, 1450, 1300, 
20 1255, 1124, 962, 690, 603. 

♦ 

The beta ketosulphones of Table 3 were obtained in an analogous 
manner from the corresponding beta ketosulphides of Table 1. Charac- 
teristics are given in Table 3. 

25 

Alternative preparation of beta ketosulphones 

Example 4a - Alternative preparation of 2-phenylsulphonyl-2-methyl- 
propiophenone 

30 27.2 g of 2-bromo-2-methylpropiophenone are dissolved in 100 ml of 
DMS0 and treated with 20.13 g of anhydrous sodium phenyl sulphinate. 
The temperature rises from 23° to 46°C during which a crystalline 
solid mass precipitates. After agitation overnight at ambient 
temperature, a further 80 ml of DHS0 are added and the mixture agitated 

35 for 4 hours. It is diluted with water, extracted with ether, and 
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■ « 

after evaporating the solvent 32.5 g of product are obtained, which 
is then crystallised, from methanol. The white crystalline solid 
obtained is of M.P.; 70°C, % (toluene) 0.31, and has a IR spectrum 
identical to that oi Example 3a. 

The beta sulphonyl ketones of which the characteristics are indicated 
in Table 4 are obtained in an analogous manner. 

- * • 

Preparation of beta ketothiosulphates ("Bun te salts") 

Example 5a - Preparation of sodium S-( 2-oxo-2-phenyl-l ,1-dimethyl- 
ethyl)-thiosulphate 

20.2 g of 2-chloro-2-methylpropiophenone are dissolved in 70 ml of 
dimethylsulphoxide and treated with 27. A g of sodium thiosulphate 
pentahydrate. After agitation for 12 hours at 20»C, 3 hours at 80°C 
and 2 hours at 120°C, the mixture is cooled and diluted with ethyl 
ether. The aqueous phase is washed with ethyl ether, then taken up 
in anhydrous ethyl alcohol and filtered. The clear filtrate is 
evaporated to dryness and dried azeotropically to obtain 74.7 g of 
a crude product having an oily appearance , and consisting of a 40% 
solution of the required compound in dimethylsulphoxide. It shows 
a IR spectrum with characteristic bands at (absorptions, cm* 1 ): 
1670, 1595, 1260, 1170, 1130, 1030, 705, 610, 600. The reaction 
product is used without further purification for the photoinitiated 
polymerisation experiments. 

According to the present invention the compounds of formula (I), (II) 
and (III) can be used a) as polymerisation or crosslinking photo- 
initiators for transparent or pigmented systems containing monomers, 
oligomers or polymers with ethylenic unsaturations, particularly for 
acrylic, systems, b) as photochemical ly releasable latent acid catalysts 
useful for systems which harden by means of polycondensation catalysed 
by acids o 

A) Photopolymerisable systems. 

Monomers for acrylic systems include esters formed from acrylic or 
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methacrylic acid and aliphatic alcohols, glycols, polyhydroxylated 
compounds such as pentaerythritol or trimethylolpropane or amino 
alcohols; acrylonitrile; acryl amide and its derivatives; esters 
formed from vinyl alcohol and aliphatic acids or acrylic acid; 
vinyl ethers; H-vlnylpyrrolidone, mono and polyfunctional allyl 
ethers such as trimethylolpropanediallyl ether; styrene and alpha- 
methylstyrene. 

Oligomers containing double ethylenic bonds include polyesters, 
polyacrylates, polyurethanes , epoxides, and modified polyethers with 
acrylic, fum4ric, maleic or other functionality. 

Suitable polymers include unsaturated polyesters which in combination 
with styrene- represent one of the most widespread systems in the 
paint industry. 

•- 

B) . Polycondensable systems. 

Compounds which can be polycondensed by acid catalysis include 1 
melamine resins, urea resins, glycourea resins, benzoguanamine resins 
etc. of different degrees and types of etherificatipn, in combination 
with various compounds containing mobile hydrogens such as resins 
of. various types containing hydroxyl, carboxyl, amido, amino, thiol 
and other functionality. Examples of these resins are acrylic, 
polyester, alkid, phenolic and polyvinyl resins, or their mixtures. 

C) Hybrid systems. 

It is also possible to use the compounds of formula (I), (II) and 
(III) as photoinitiators and simultaneously as photochemically 
releasable latent catalysts in hybrid systems containing at the same 
time the compounds described under points A) and B); particularly 
useful hybrid systems are those which in addition to crosslinking 
agents of aminoplastic type also contain monomers of double functio- 
nality (ethylenic unsaturations and mobile hydrogens) such as hydroxy- 
ethylacrylate and methacrylate, acrylamide, N-hydrpxymethylacrylamide, 
and products of the reaction between bisphenol-A.-bls-glycidylether 
or glycidyl-(meth)acrylate and mono and polybaslc unsaturated acids. 
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addition to the compounds of formula (I), (II) and (III)* numerous 
@£h©r components can be included in photopolymerisable systems in 
og&i&r to perform specific functions , such as thermal stabilisers* 
thermal polymerisation inhibitors , U.V. absorbers, photo-oxidation 
stabilisers such as sterically hindered amines, antioxidants, chain 
transfer agents, atmospheric oxygen exclusion agents, generators of 
radicals by thermal means such as organic and Inorganic peroxides, 
peresters, hydroperoxides, benzopinaeoles, azo derivatives such as 
ffisobisisobutyronitrile, metallic promoters such as salts of cobalt 
(II), manganese etc*, surface levelling agents, fillers, dyes, organic 
and inorganic pigments, glass or carbon fibres, or thixotropy agents. 



In particular the compounds of formula (III) can be advantageously 
used as photoinitlators for polymerising acrylic monomers and oligo- 
mers dissolved in water: representative examples of monomers photo- 
chemically polymerisable in aqueous solution are (meth)acrylic acid 
and its salts, aery 1 amide, N-methylolacrylamlde etc* 

Other components are represented by non-photopolymerisable polymers 
present as chemically Inert substances such as nitrocellulose, 
polyacrylic esters, polyolefins etc., or polymers crosslinkable by 
alternative systems, le by peroxides, atmospheric oxygen, acid 
catalysis, or by thermal activation etc. such as polyisocyanates , 
urea, me 1 amine or epoxy resins. 

The photoinitlators according to the present invention can be used 
either alone or in combination with other photoinitlators such as 
benzophenone , benzyldimethylketal , 2-hydroxypropylphenylketone, 
benzoin ethers etc. Particularly advantageous is the combination 
with tertiary amines which increase the crosslinking rate of the 
mixtures obtained; particularly useful are dialkylalkanolamlnes and 
paradimethylaminobenzolc acid esters. 



In particular, in the case of pigmented systems It is very advantage- 
ous to use compounds of formula (I), (II) or (III) together with 

■ 

spectral sensitising compounds such as thioxanthones and derivatives, 



-: 

: . • ; . • * * *„-.".._■•• • " * . • 

dyes etc., these being present in order to transfer to the photo- 
initiator the energy absorbed by them in high wavelength spectral 
regions. 

• * - „- * * - - ' 

5 The compounds of formula (I), (II) or (III) are generally used in a 

-"■*«. 

quantity varying between 0.01% and 15% and preferably between 0.5% 
and 5% by weight in systems containing unsaturations of acrylic type 
or systems hardenable by acid catalysis. Said systems are of trans- 
parent or pigmented type, and are mainly intended for painting or 

10 decorating articles of the paper industry, plastics materials, metals 

.- ' • ■ 

and wood* 

- 

* - _ " -• 

. - » 

The compounds of formula (I), (II) or (III) generally possess excellent 
solubility in photopolymerisable systems, to which they impart high 
15 photochemical reactivity and allow high darkness stability; in systems 
polycondensable by acid catalysis they produce .very high, darkness 
stability and excellent thermal reactivity after exposure to ultra- 
volet radiation. The , light sources used for photopplymerising or 

■ 

crosslinking films or releasing the latent acid catalyst are mercury 
20 vapour lamps of high, medium or low pressure, or superactinic lamps, 
with emission between 250 and 400 nm; for crosslinking titanium 
dioxide inks it is preferable to use "doped" lamps with particularly 
intense emission between 350 and 450 nm. 

25 The initial colour of articles obtained by crosslinking after exposure 
to the light of said lamps is extremely low. Ageing resistance is 
also excellent under photo-oxidative conditions consequent on prolonged 
exposure to xenon or fluorescent lamps. 

. - - - • 

30 These characteristics allow improved use of compounds of formula (I), 
(II) or (III) in transparent systems and in those pigmented with 
titanium dioxide. 

m 

The following applicational examples are described for illustrative 
35 purposes. 
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EXAMPLE 6 

3 parts of photoinitiator are added to a photo-crosslinkable mixture 
consisting of 70 parts of acrylated epoxy resin prepared from 
bisphenol-A-bis-glycidylether and acrylic acid, and 30 parts of 
triethyleneglycol diacrylate, and the resultant mixture is applied 
by a film spreader to a glass plate to a thickness of 100 microns. 
After exposure to air for 30 seconds, the films are irradiated by 
successive passages at a speed of 10 m/min under a medium pressure 
UV mercury vapour lamp of 40 W/cm power at a distance of 11 cm in 
a laboratory apparatus of the type obtainable from Steineraann AG, 
St* Gallen (Switzerland), 

Table 5 shows the number of passages necessary to obtain a tack-free 
(TF) surface; the colour of the film obtained, measured initially 
(2 hours after crosslinking) and after ageing by exposure for 8 
.hours to irradiation by a 300 W Ultravitalu^ (Osram) lamp at a 
distance of 15 cm, defined as the yellowing index (YI) in accordance 
with ASTM D-1925-63/T; and the storage stability of the liquid 
composition evaluated in darkness at 60°C« 

* 

TABLE 5 



Photoinitiator No. passages YI Stability 
(TF) initial after 8 h (days) 



2 , 2-dimethoxy-l , 2- 










diphenylethanone (1) 


2 


25 


30 


> 30 


benzophenone (2) 


3 


4 


10 


> 30 


Example 2a 


2 


1 


4 


> 30 


Example 3a 


2 


1 


4 


> 30 


Example 4v 


2 


1 


3 


> 30 



(1) and (2): photoinitiators of the known art used for comparison. 



From the results of this table it can be seen that the yellowing 
index is considerably lower when photoinitiators according to the 
present invention are used than when photoinitiators of the known 
art are used. 
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EXAMPLE 7 

3 parts of various photoinitiators are added to 100 parts of a 
photo-tcr oss linkable mixture such as that described in Example 6. 
the compositions obtained are evaluated under the conditions described 
in said Example 6 to determine the following characteristics: 
number of passages for obtaining a tack-free (IF) surface; Sward 
hardness measured in accordance with ASTM D-21 34-66 10 minutes after 
irradiating for the number of passages indicated; and darkness 
stability at 60°C. The results are shown in Table 6» 

TABLE 6 

Photoinitiator No* passages Sward Hardness Darkness stability 







(TF) 


(passages) 


(days) 


Example 


lc 


6 


2 (6) 


4 (8) 


2 


Example 


lo 


5 


• 3 (5) 


4 (7) 


2 


Example 


2a 


2 


30 (2) 


38 (4) 


> 30 


Example 


2d 


3 


10 (3) 


16 (5) 


3 


Example 


2p 


3 


• 2 (3) 


4 (5) 


> 30 


Example 


3d 


3 


14 (3) 


22 (5) 


> 30 


Example 


4a 


2 


28 (2) 


32 (4) 


> 30 


Example 


4q 


2 




1 (4) 


> 30 


Example 


4r 


3 


26 (3) 


30 (5) 


> 30 


Example 


4t 


2 


36 (2) 


42 (4) 


> 30 


Example 


4u 


8 




2 (10) 


> 30 


Example 


4v 


2 


28 (2) 


38 (4) 


> 30 



EXAMPLE 8 

3 parts of N-methyl die thanol amine and 3 parts of various photoinitia- 
tors are added to 100 parts of a photo-crosslinkable mixture such as 
that described in Example 6. The compositions obtained are applied 
to glass plates to a thickness of 100 microns, and after 30 seconds 
of exposure to air the films are irradiated by successive passages 
at a speed of 15 m/min under a 40 W/cm UV lamp in an apparatus such 
as that described in Example 6. The results obtained are given in 
Table 7. 



©192967 



- 29 - 
TABLE 7 



Eitaloinitiator fto« passages Sward Hardness Initial 

(TF) (passages) YI 


Darkness sta- 
bility (days) 




2 




• 


4 


(6) 


2 


• 


8 


Example lo 


2 






2 


(6) 


3.5 




2 


Example 2a 

* 


1 






27 


(5) 


3 


> 


20 


Example 2d 


2 




J 


6 


(5) 


2 




2 


Example 2p 


2 






A 


(6) 


2 


> 


20 


Example 3d 




10 


(1) 


20 


(5) 


2 


> 


20 


Example 4a 




12 


(1) 


24 


(5) 


1 


> 


20 


Example 4q 




8 


(1) 


22 


(5) 


2 


> 


20 


Example 4r 




18 


(1) 


22 


(5) 


4 


> 


20 


Example 4t 




18 


(1) 


27 


(5) 


4 


> 


20 


Example 4u 


2 






4 


(6) 


3 


> 


20 


Example 4v 


1 


10 


(1) 


22 


(5) 


1 


> 


20 



The addition of tertiary amines, increases reactivity, so that the 
number 6f necessary passages is reduced* 



EXAMPLE 9 

Various quantities of photoinitiator and N-dimethyldlethanolamine 
in a quantity of 1.5 times the weight of the photoinitiator are 
added to 100 parts of Laromer LR 8496 (aliphatic acrylic resin 
available from BASF AG, Ludwigshaf en) • The compositions are applied 
to a glass plate to a thickness of 50 microns and the films are 
irradiated by one passage at 5 m/min under an 80 W/cm UV lamp. The 
results are given in Table 8. 

TABLE 8 

Photoinitiator Quantity Sward Hardness Initial 

(g/100 g resin) YI 

Example 2a 3 14 2 

1.5 12 

0.75 10 



Example 3d 



3 

1.5 



18 
14 



3 
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so 



0.75 



10 * 



10 



Example Aa 



Example Ar 



Example At 



3 

1.5 
0.75 



3 

1.5 
0.75 

3 

1.5 
0.75 



12 
10 
6 



18 
16 
10 

18 
16 
10 



8 



15 Example Av 



20 



25 



30 



3 

1.5 
0.75 



1A 
10 
8 




EXAMPLE 10 ... , 

3 parts of photoinitiator and various quantities of N-methyldiethanol- 
J* -dUBl) are added to 100 parts of a photo-crosslinfcable mixture 
prepared as described in Example 6. The compositions obtained are 
applied to a glass plate to a thickness of 50 microns and the films 
are irradiated at different conveying speeds under an 80 W/cm UV 
lamp. The sward hardness is then measured in the manner stated in 
Example 6. The results are given in Table 9. 



TABLE 9 



Photoinitiator 




Example 2a 



Sward Hardness 

10 5 (m /min) 

35 39 
28 3A 



35 



Example Aa 



20 
18 



36 
28 



38 
3A 
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&$.£xs$k*t 4r 



18 



24 



22 



5 



10 



15 



20 



25 



30 



Example 4v 



16 
18 



26 
24 



28 
26 




Example 4t 



This table evaluates the passage speed and thus the quantity of 
radiation nectary to cause polymerisation to the required hardness 

in a film. 
EXAMPLE 11 

3 parts of photoinitiator and possibly 1.5 parts of p-toluenesul phonic 
acid (PTS) are added to admixture polymerisable by UV radiation and 
containing -an acid catalysis crosslinking agent consisting of 50 
parts of resin obtained by reacting bisphenol-A-bisglycidyl ether 
with acrylic acid, 20 parts of triethyleneglycol diacrylate and 30 
parts .of hexamethoxymethyJmeiamine. The composition is applied to 
a glass plate to a thickness of 125 microns and the film obtained 
ia irradiated at a speed of 5m/min under an 80 W/cm UV lamp. The 
Sward hardness is measured at 20»C 15 minutes after irradiation 
(H ) and after 20 minutes of heating in an oven temperature- 
controlled at 1WC (H uo ). after conditioning at 20«C. The results 
are given in Table 10s 



TABLE 10 



Photoinitiator 



PTS 



Sward Hardness 




-110- 



Film 
appearance 



1-benzoylcyclohexanol (1) - 



1-benzoylcyclohexanol (1) + 



liquid homogeneous 
tacky slightly tacky irregular 
24 36 numerous 

fissures 

16 42 numerous • 

blisters/fissures 
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(1): photpinitiator of the known art used for conparist*, 

EXAMPLE 12 . « 

A white ink consisting of 39 parts of Actilane 23 (acrylated 
aliphatic polyurethane resin of Societe Nationale Des Poudres et 
Explosifs, Paris), 23 parts of H-vinylpyrrolidone and 38 parts of 
rutile titanium dioxide is prepared by grinding in a three-cylinder 
grinder to a particle sise of less than 5 microns. Various quantities 
of a mixture consisting of 1 part of photoinitiator (20% solution 
in N-oethylpyrrolidone) , 0.1 parts of 2-isopropylthioxanthone (20% 
solution in toluene) and 1 part of N-me thy Idiethanol amine are added 
to the paste obtained. 

The compositions are applied to a glass plate to a thickness of 
25 microns, and the films obtained are irradiated under a 40 W/cm 
UV lamp at the maximum conveying speed necessary to obtain tack-free 
surfaces. The Sward hardness, pencil scratching hardness (ASTM-3363), 
resistance to rubbing with *ethylethylketone (number of rubs before 
film removal), yellowing index and darkness stability at 60^0 are 
measured* 

• ■ 

The resistance to rubbing with methylethylketone is evaluated in the 
following manner: the crosslinked film is rubbed with a soft cloth 
(5 cm 2 ) impregnated with methylethylketone by making a reciprocating 
movement along a 10 cm path under a pressure imposed by a 2 kg weight. 
The number of cycles required to observe film removal (the first 
cycle during which removal commences) is noted. The results of the 
various measurements are given in Table 11. 

EXAMPLE 13 

■ A ,non-pigmented liquid composition constituted by resins crosslinkable 
by acid catalysis, and in particular consisting of 

60 parts Luprenal* LR8491 (BASF carboxylated acrylic resin containing 
60% of solids 

20 parts Cymel* 301 (American Cyanamid hexamethoxymethylmelamine, 
100% solids) 



f * 
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2 parts polydimethylsiloxane copolymerised with propylene oxide 
(2% solution in xylol) 

8 parts ii-butanol 
10 parts ethylglycol acetate 

2 parts catalyst 

<having a total solids content of about 58%) 
is applied to a 0*5 ram white sheet of tin free steel by manual 
filmograph to a thickness of 50 microns. After leaving for 10 
minutes the test pieces are irradiated by undergoing various passages 
at a speed of 5 m/min under a medium-pressure mercury vapour lamp 
of 80 W/cm at a distance of 11 cm. 



The test pieces are heated in an oven to 110°C for 20 minutes. After 
conditioning at 20?C for 2 hours, the Sward hardness is measured 
(in accordance with ASTtf D-2134-66) and the degree of yellowing is 
estimated (ASTM D-1925-63/T) . The stability of the liquid composi- 
tions under storage in darkness at 60° C is given as the percentage 
increase in viscosity after 10 days at 60*C over that measured at 
the moment of preparation. The experimental results are given in 
Table 12. 



Catalyst 



TABLE 12 
Number of Sward 




p-toluenesulphonic 



Hardness 



YI Stability 60°C 
+ Viscosity (%) 



acid (1) 

• * 


0 


60 


3,0 


gels 


Example 4a 


0 


22 


2.0 


3 




1 


42 


2.5 






3 


58 


3.0 




Example 4t 


0 


20 


2.5 


5 




1 


38 


3.0 






3 


56 


3.5 




Example 4v 


0 


22 


" 2.0 


2 



35 
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1 44 2,5 

3 60 3.0 

Example 4y 0 24 2.0 

1 42 2.5 

3 56 3.0 

Example 4w 0 22 2.0 

1 46 2.9 

3 . 60 3*0 

(1) Catalyst of the known art, used for comparison 

EXAMPLE 14 

100 parts of each of various photopolymerisable, non-pigmented liquid 
compositions formed from an aqueous solution of acrylic acid either 
totally or partly neutralised with sodium hydroxide and either 
containing or not * containing N-methyldiethanol amine (as shown in 
Table 13) are fed with 5 parts of the following compounds separately: 
A sodium thiosulphate pentahydrate 
B (4-benzoylbenzyl)trimethyl ammonium chloride 

■ 

C S-benzyl thiosulphate 
D Example li 
E Example 5a 

as aqueous solutions containing 40% of active substance, with the 

exception of E which is used as obtained in Example 5a. 

A and C are compounds used for reference. 

B is a photoinitiator of the known art, used for reference. 

* 

The compositions thus obtained are deposited on a metal plate to a 
thickness of 1 mm and irradiated at a distance of 25 cm by a 500 W 
mercury vapour lamp of Ultravitalux* (Osram) type. The behaviour 
of the liquid compositions is observed after various exposure times 
and after 24 hours from the end of irradiation. The results are 
given in Table 13. 
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PATENT CLAIMS 

1. phbtpiWttiators in processes for the polymerisation 

of mixtures containing ethylenically unsaturated compounds or/and 
photochemical!* reusable latent acid catalysts in processes 
for the polycondensation of- systems which harden by acid catalysis 
and comprising irradiation with UV light of between 250 and 450.no:, 
wavelength, which are compounds characterised by the following 
general formula: 

a Lr 1 — I h 2 (i) 

i 1 

in which R signifies: linear or branched C^g alkyl. C 3 -C ? cyclo- 
alkyl possibly carrying ethylenic ^saturations, Cj-Cjg oxa-, thia-, 

.S-oxothia-. S-dioxothia- or R 3 -axa-alkyl . C 3 -C ? oxa-. thia-. S-oxa- 
thia-. S-dioxothia- or R 3 -aza-cycloalkyl, C fi -C u aryl. polyaryl. 
poly(arylalkenyl). polyacryloyloxyarylene, aromatic heterocyclic 
ring of 5. 6 or 7 atoms all possibly carrying one or more substituents 
chosen from the group consisting of CI. Br. CN, OH.^SH, C^Cg alkyl. 
C,-C 10 alkenyl. C,-C 7 cycloalkyl. C 6 -C u aryl. -O-R , -S-R . -S(0)R . 
S(0) 2 -R 4 . -COO-R 4 . -S(0) 2 -N(R 5 )(R 6 ) and -CO-*>-SWa 1 )-* 2 . or 
signifies OR 4 " or -N(R 5 )(R 6 )*. 

R 1 signifies: direct bond. C^ alkylene. C 2 -C 18 alkylidene, C 3 -C ? 
cycloalkylidene. polyvinyl idene, C 3 -C ? oxa-, thia-. S-oxothia-. 
S-dioxothia- or R^aza-cycloalkylidene, C 2 -C l0 alkenylene, or C r C 4 
alkylene(arylene) in which the aryl can be phenyl, pyridyl. thiophenyl 
or furanyl. or together with R 2 represents a methenyl or methenyl- 
arylene group, all possibly carrying one or more members chosen 
from the group consisting of C -C^ alkyl', C -C fi cycloalkyl, aryl, 
halogen, -OH, -SH. -O-R 4 . -CO-R. -S(X)<xV, N(R 5 )(R 6 ). -S-R*. 
-S(0)-R 4 , -S(0),R 4 and COO-R 4 , or R 1 signifies R -N-; 
R 2 signifies: direct bond with R or with R 1 , hydrogen, linear or 
branched C.-C.g alkyl, C 3 -C ? cycloalkyl, C 3 -C 7 oxa-. thia-, S-oxothia- 
S-dioxothia- or R 3 -a 2 a-cycloalkylene possibly carrying ethylenic 
unsaturations, C fi -C u aryl, polyaryl, poly (aryl alkenyl), polyacryloyl- 
oxyarylene. heterocyclic ring of 5. 6 or 7 atoms containing one or 
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more equal or different heteroatoms, amidino or amhydrazino group, 
possibly salif led with organic or inbrganic acids, all possibly 
carrying one or more substituents chosen from the group consisting 
of- -E, -CI, -Br, — CN, -OH, -SH, C^-Cg. alkyl, C 2 - C 10 alkenyl, C 3 -Q 7 
cycloalfcyl, -0-R 4 , -S-R 4 , -*(0)-R*, -SC0) 2 -R 4 , -C00-R 4 , -S(&) 2 -N(R^)- 
(R 6 ), -N(R 5 )(R 6 ) and -S(X)(X*)-R*-C0R, or R^ represents N(R 5 )(R 6 ), 
-SO H possibly salif led with organic or inorganic bases, -SOj-R , 
-(S) -R , -[SCXXX 1 )] -R , (S) -H(R 5 )(R $ ) where n varies from 1 to 
10, -OH, -SH» OR 4 , -Gi, -Br, -CN, COO-R 4 , ^-CCS)-R 3 , -C(S)-N(R 5 )(R 6 ) , 
-S-(X) (X 1 )-R 1 -C0R, or -R^COR; 

or R, R 1 and R 2 mutually cyclise, or R, R and R represent polymer 

* - 

chains; 

X and X 1 , which can be equal or different, each independently represent 
an electronic' doublet, O, S, NH, »NR 4 -, =N-G00-T1 4 or ^N-SO^R; 
R 3 represents H, C-j-Cg alkyl or phenyl; 

R 4 represents C -C g alkyl, (dialkylamino) , (alkoxy) or (hydroxy) alkyl, 

C -C cycloalkyl, Cg-C^ aryl or -Si(R 3 )(R 5 )(R 6 ); 

R^ and R & . which can be equal or different, each Independently 

4 

represent hydrogen, C -C alkyl, C^Cj cycloalkyl, phenyl or -O-R , 

or if coincident represent c 2 " C ft alk y lene * or C 2~ C 6 oxa ~ f thia ^» 
-S-oxothla-, -S-dioxothia- or R 3 -aza-alkylene. 

2. Photoinitiators or /and latent acid catalysts, in accordance 

* - 

* ■ ■ * • 

with claim 1, which are compounds of formula (I)in which 

R signifies:, linear or branched C -C alkyl, C 3 -C ? cycloalkyl or 

C -C aryl, possibly substituted with -Ci, -OH, -SH, C^Cg alkyl, 

^ lA^ r A 

C g -C I4 aryl, OR , SR ; 

R* signifies: direct* bond, or C -C g alkylene, C^-C^ alkylidene, 

or C 3 -C 7 cycloalkylidene, possibly substituted with -OR , -N(R )(R ); 

R 2 signifies: linear or branched ^-C^ alkyl, C 3 -C ? cycloalkyl, 

C g -C l4 aryl, possibly substituted with -CI, -OH, -SH, C^-Cg alkyl, 

C £ -C w aryl, -N(R 5 )(R 6 ), -OR 4 , -SR 4 , or signifies -OR 4 , -R X -C0-R, 
o 1^ 

-S0~H or -OH, salif ied with organic or inorganic bases; 

X and X each independently represent an electronic doublet or 

* ■ ■ 



oxygen ; 

,4 



R A represents C.-C g alkyl, or Cg-C^ aryl, dialkylaminoalkyl or 
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alkoxyalkyl; 

R* and R S have the significance already seen in claim 1. 

3. Photoinitiators t>r/and latent acid catalysts, in accordance 

with claim 1, which are compounds of formula (II) 

7 : 
0 R .9 

ll I H p 7 / TT\ 

R -C — C — — -g- R . ( M > 

R 7 X 

in which * 

R signifies: linear or branched alkyl or Cg-C^ aryl, possibly 
substituted with -CI, C^Cg alkyl, SR ; 

R 2 signifies: linear or branched Cj-Cjg alkyl or C fi -C 14 aryl, possibly 
substituted with -CI, Cj-Cg -alkyl, phenyl, -N(R 5 )(R ); 
R 7 and R 8 , which can be equal or different, each independently 
represent a hydrogen atom, Cj-Cg alkyl or C 3 -C ? cyjcloalkyl, or together 

represent C.-C. alkylene or R 3 -aza-alkylene, all possibly carrying 
" 2o ^ 5 6 

substituents of the type -OR , -N(R )(R ); 

X signifies: an electronic doublet or an oxygen atom; 

R 4 signifies: C.-C ft alkyl, dialkylaminoalkyl, alkoxyalkyl or phenyl; 

R , R and R have the significance already seen in claim 1. 

4 # photoinitiators*, in accordance with claim 1, which are 

compounds of formula (II) in which 

R signifies: Cg-C^ aryl substituted with -SR 4 and possibly with 
•CI or Cj-Cg alkyl; 

R 2 signifies: linear or branched C^C^ alkyl, or C fi -C 1A aryl possibly 
substituted with -CI, -N(R 5 )(R 6 ); 

R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and X have the significance already seen in 
claim 3. 

5. photoinitiators or/and acid catalysts, in accordance with 

claim 1, which are compounds of formula (III) 

0 R 7 X 

r. lU—i s r z (in) 

\P I! 1 

in which 
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R signifies: linear or branched Cj-C^ alkyl, C 3 -C ? cycloaikyi, or 

C^-C T/ aryl, possibly substituted with -CI, -OH, -SH, (^-Cg alkyl, 

6 1* 4.4 
Gg-C 14 aryl, -OR , -SR ; 

R2 signifies: -OH, -SH or -S0 3 H possibly salified with organic or 
inorganic bases; 

R 7 and R 8 , which can be equal or different, each independently 
represent a hydrogen atom, C^-Cg alkyl, or C 3 -C ? cycloaikyi , or 
together represent C 2 -C fi alkylene or R 3 -aza-alkylene, all possibly 
carrying substituents of the -OR , -JJ(R }(R ) type; 
X and X 1 , which can be equal or different, each independently 
represent an electronic doublet, 0, S, -BR 4 , -N-C00R 4 or =N-S0 2 R; 
R 4 s R 5 and R 6 have the significance already seen in the preceding 

case. 

6. The use of compounds of formula (I), <II) and (III) in 
accordance with claims 1 to 5, as photoinitiators in a process for 
polymerising compounds containing acrylic or methacrylic acid 
derivatives as ethylenic unsaturation, comprising irradiation with 
UV light of between 250 and 450 nm wavelength, 

7. The use of compounds of formula (I), (II) and (III) in 
accordance with claims 1 to 5, as photochemical ly- releasable latent 
acid catalysts in a process for the polycondensation of systems 
which crosslink by acid catalysis and containing for example variously 
ether if ied phenol-formaldehyde, urea-formaldehyde or mel amine- 
formaldehyde resins together with compounds of hydroxyl, carboxyl, 

or amido functionality, comprising irradiation with UV light of 
between 250 and 450 nm wavelength* 

8c Photopolymerisable or/and polycondensable compositions 

comprising at least one photopolymerisable unsaturated compound or 
a polycondensable compound, and as photoinitiator or /and latent acid 
catalyst a compound of formula (I), (II) or (III)i as defined in 
claims 1 to 5, in a quantity variable between 0.01 and 15% by weight. 

9. Photopolymerisable or/ and polycondensable compositions in 
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:.??Tdancc with clsims 5, 6 and 7 , wherein the photcinitiator is 
ssnt in a quantity variable between 0.5 and 5% by weight. 



if- - 



9 

Photopolymerisable compositions in accordance with claims 
6 f 8 and 9, wherein the photopolymerisable unsaturated compound is 
ass acrylic or methacrylic acid derivative dissolved in water. 

11 e Photopolymerisable or /and polycondensable compounds in 
accordance with claims 6 to 10, containing an aliphatic tertiary 
amine or esters of p-dimethylaminobenzoic acid or 4 f 4 1 -bis-dimethy 1- 
aminobenzophenone or p-dimethylaminobenzaldehyde. 

12 o Photopolymerisable or/and polycondensable compositions in 
accordance with claims 6 to 10, containing at least one pigment. 

13. Compositions in accordance with claim 10, wherein the pigment 
is titanium dioxide. 

14. Photopolymerisable or/and polycondensable compositions in 
accordance with claims 12 and 13 containing a spectral sensitiser. 

15. Compositions in accordance with claim 14, wherein the spectral 
sensitiser is a thioxanthone derivative. 

16. Photopolymerisable or/and polycondensable compositions in 
accordance with claim 15, containing as photoinitiators or/and latent 
acid catalysts compounds of formula (II) defined as in claim 4. 

17. Photopolymerisable or/and polycondensable compositions in 
accordance with claim 16, containing an aliphatic tertiary amine or 
esters of p-dimethylaminobenzoic acid or 4,4 , -bis-dimethylaminobenzo- 
phenone or p-dimethylaminobenzaldehyde. 

18. Photopolymerisable or/and polycondensable compositions in 
accordance with claims 8 to 17 able to be further crosslinked by 
acid catalysis without further addition of acid catalysts. 
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19* Photopolymerisable or/and polycondensable compositions in 
accordance with claim 18, wherein the crosslinking agent sensitive 
to acid catalysis is a mel amine resin. 
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